Background: Although fingertip injuries are common, there is limited literature on the epidemiology and hospital charges for fingertip injuries in children. This descriptive study reports the clinical features of and hospital charges for fingertip injuries in a large pediatric population treated at a tertiary medical center. Methods: Our hospital database was queried using International Classification of Diseases, Revision 9 (ICD-9) codes, and medical records were reviewed. Frequency statistics were generated for 1807 patients with fingertip injuries who presented to the emergency department (ED) at Boston Children's Hospital (BCH) between 2005 and 2011. Billing records were analyzed for financial data. Results: A total of 1807 patients were identified for this study; 59% were male, and the mean age at time of injury was 8 years. Most commonly, injuries occurred when a finger was crushed (n = 831, 46%) in a door or window. Average length of stay in the ED was 3 hours 45 minutes, 25% of cases needed surgery, and, on average, patients had more than 1 follow-up appointment. About one-third of patients were referred from outside institutions. The average ED charge for fingertip injuries was $1195 in 2014, which would amount to about $320 430 each year (in 2014 dollars) for fingertip injuries presenting to BCH. Conclusion: Fingertip injuries in children are common and result in significant burden, yet are mostly preventable. Most injuries occur at home in a door or window. Although these patients generally heal well, fingertip injuries pose a health, time, and financial burden. Increased awareness and education may help to avoid these injuries.
Background
Fingertip injuries are among the most common pediatric hand problems treated in emergency departments (EDs) annually.
14 While large-scale epidemiological studies are lacking, the few studies that have been conducted show that most fingertip injuries occur at home, or near home, including in the backyard. 1, 2, 5, 8, 9, 14, 17 Most children who present with fingertip trauma have experienced a crush injury, 10, 11 usually from the hinge side of a door, 1, 2, 7, 12, 14 and often in the living room. 8 The fingertip is most often affected because it is the most distal part of the hand. 10 After the home, most fingertip injuries happen at school. 2, 5, 9 Fingertip injuries are serious and stressful for families, and may require surgery. Possible short-term complications from fingertip injuries include infection (soft tissue loss), fracture nonunion, and amputation. 2, 5, 9, 14 Long-term complications include fingertip deformity, nail dystrophy, and pain.
There is limited evidence-based literature to inform how to prevent these injuries; 16 this descriptive study was conducted to learn more about the epidemiology of a large pediatric fingertip injury population in order to meet that need.
Materials and Methods
Following approval from the Institutional Review Board at Boston Children's Hospital (BCH), patients' medical records were queried and retrospectively reviewed. The following International Classification of Diseases, Revision 9 (ICD-9) codes were used to identify potential subjects: 816 
Results

Demographics
A total of 1807 patients presenting with fingertip injuries were identified for this study. The mean age at the time of injury was 8 years (SD = 6 years, range = 0-18 years), and 59% of patients were male. Injuries were most common in the middle finger (Figure 1) , and more patients presented with an injury to their right hand (n = 939, 52%) than to their left hand (n = 847, 47%). Only 6 patients presented with injuries to both hands, and there were missing data for the affected hand for 15 patients.
Mechanism of Injury
Patients reported how they were injured, and these causes were classified as a crush, laceration, sports injury, mechanical device, fall, or other (ie, bite, strangulation, burn, fight) ( Figure 2 ). The most common mechanism (n = 831, 46%) was a crush injury, usually in a door or window (data missing for 3 patients). These injuries most often resulted in fractures (n = 615, 43%), but also included nail bed injuries (n = 485, 34%) and amputations (n = 334, 23%) ( Figure 3) . When stratified by age group, preschool children (ages 0 to 6) were most commonly injured by a crush (n = 551, 61%) or laceration (n = 218, 24%), while school-age children (ages 7 to 12) had higher frequencies of sports injuries (n = 70, 15%) after crush (n = 190, 42%) and laceration (n = 129, 28%) injuries. Adolescents (ages 13 to 18 in our study) had lower frequencies of crush injuries (n = 90, 20%) and were more frequently injured by lacerations (n = 151, 34%), sports (n = 119, 27%), and finally machines (n = 32, 7%) ( Figure 4 ).
Treatment
Roughly one-third of patients (n = 535, 31%) in this study were referred from an outside institution (data missing for 68 Note. "Other" includes injuries caused by a burn, bite, strangulation, or fight. "Unspecified" indicates that it is not clear in the medical record. patients). At BCH, over half of the patients (n = 1007 patients, 56%) were evaluated and treated by the ED staff without a formal hand surgery consultation (data missing for 2 patients). On average, patients required more than 1 follow-up appointment, and the average length of stay in the ED was 3 hours 45 minutes (data available for 999 patients).
Twenty-five percent (n = 458) of all patients required surgical intervention. Ten percent (n = 190) underwent immediate surgery, which was defined as within 24 hours of presenting to our institution; the remaining 15% (n = 268) had delayed surgery. Thirty-three percent (n = 62) of immediate surgeries were for patients who presented with an amputation; 44% (n = 27) of those cases were complete amputations.
Patients who were referred from an outside institution were 2.31 times as likely to need surgery as those who first presented to our institution (95% confidence interval [CI]: 1.98-2.69). Forty-three percent (n = 232) of patients who were referred from an outside institution required surgery (17% had surgery within 24 hours), while only 19% (n = 226) of patients who first presented to our institution required surgery (8% had surgery within 24 hours) ( Figures  5a & 5b) . 
Charges
Discussion
Although fingertip injuries are common in children, there are only a few large series that have examined the demographics, treatment, and charges associated with this problem. To the best of our knowledge, this retrospective study of 1807 fingertip injury patients is one of the largest to date.
Demographics
More injuries (50%) occurred in the preschool age group (0-6 years) than in the older age groups (25% in ages 7 to 12 years, and 25% in ages 13 to 18 years), and this is consistent with what another retrospective study has found. 1 Younger children are curious and more apt to explore their environment using their hands without realizing the dangers involved. Our findings also support the outcomes of several other studies where the average pediatric fingertip injury patient is 5 years of age 2, 5, 8, 9, 12 ; our study had a higher average, 8 years, possibly because of our larger sample size. Fingertip injuries occur relatively equally among males and females, although our results support previous studies that show these injuries to be more prevalent among males. 1, 2, 5, 9 Like numerous other studies, 2, 5, 8, 9, 12 we found that more fingertip injuries occurred in the right hand (n = 939, 52%), than the left hand (n = 847, 47%). Our findings support the results of other studies that show the middle finger to be the most commonly injured digit.
2,5,8
Mechanism of Injury
Most commonly, these injuries were caused when the child caught his or her finger in a door or window. This finding supports multiple studies that describe the most common mechanism of injury to be crushing, usually by a door. 2, 9 In addition, our findings showed that most crush injuries (66%) occurred in preschool children and that preschool children were more prone to crush injuries; existing smaller studies also noticed this trend. 1, 17 Specifically, the hinge side of the door is particularly dangerous and was identified as the cause of 57% of injuries in a study by Claudet et al, and 49% of injuries in a study by Doraiswamy. 4, 8 Because these injuries are mostly preventable, knowing the age group and mechanism to target allows for the creation of more focused prevention strategies (see section on Prevention).
We found that sports injuries were most common among the 13-to 18-year-old age group. Vadivelu et al also found that older children were more prone to sports injuries. 17 Fetter-Zarzeka et al described finding the following less common causes: blades and cans (23.5% of injuries), blunt trauma (5%), and sports (4%). 9 Less common causes that were found in our study include bites (2%), physical fighting (1.1%), strangulation (0.2%), and burns (0.1%) (Figure 4) .
One opportunity for further study is the risk factors associated with these injuries, including the presence of preventive measures (inside and outside the home), the role of other family members in the injury, and special circumstances. Claudet et al found that, within their study population, 94% of patient families did not have any specific preventive measures in place in their home. 5 They observed that 75% of patients had an adult present during the accident, and in 25% of the cases, the adult caused the accident; 5 Benson et al also found that, in the context of stationary exercise bicycles, adult supervision was not predictive of preventing hand injury. 3 Claudet et al reported that, in 44% of cases, another child caused the injury, and more than half (58%) of fingertip injuries happened to a child who had at least 3 siblings, suggesting that children from large families may have a higher risk of experiencing a fingertip injury. 5 Last, fingertip injuries have been found to be more likely to occur during the holidays or while on vacation. 1 
Treatment
Pediatric fingertip injuries are commonly treated in the ED, where they are often treated conservatively. 12 Some studies show concern that these injuries are often underestimated 2 or undertreated 11 by ED physicians. If fingertip injuries are not treated adequately, the patient can experience longterm tenderness, pain, stiffness, sensory problems, deformity in the nail, soft tissue irregularities, and decreased grip strength. 6 It has been well documented that optimal outcomes depend on high-quality care from ED physicians who are well trained in diagnosing and managing fingertip injuries, 4, 14, 15, 18 and who are prepared to refer complicated cases to a pediatric hand surgeon. 6, 14 Outcomes depend in part on quality surgical care, and it is estimated that about 10% of all pediatric fingertip injury patients require surgery with general anesthesia. 13 In our study, patients most commonly presented with a fracture, and 25% of all patients required surgical intervention; 10% received immediate surgery. Need for immediate versus delayed surgery may be affected by the time between when the patient was injured and when they presented to the ED. Our retrospective data do not provide this time frame, but other studies have found that most patients present within 2 5 or 4 hours, 9 indicating that families perceive that these injuries require urgent care. 5, 9 Patients who were referred from an outside institution were 2.31 times as likely to need surgery (95% CI: 1.98-2.69). This finding can be construed in 2 ways. One interpretation is that the referrals were appropriate, in that more patients who were referred from an outside institution actually needed an intervention. However, considering the actual frequencies, the alternative interpretation is that only 43% of those referred from an outside institution required surgery and that this percentage should be higher. In other words, 57% of those who were referred from an outside institution did not need acute intervention and could have been treated without emergency referral, thus saving costs and family burden.
Charges
With an average length of stay of 3 hours 45 minutes, and more than 1 follow-up visit on average, these injuries are expensive to facilities, patients, and families. In the calendar year 2014, the average charge to patients who presented to the BCH ED with a fingertip injury was $1195. This amount is higher than the average charge of $1064 for patients who presented with a fever-the most common condition seen in the ED (Figure 4) . If the average charge in 2014 of $1195 was applied to each of the patients included in this study, this would amount to about $320 430 each year for fingertip injuries in our institution. These preventable injuries place an additional financial burden on the health care system, and an undue burden on emergency services. There are also HAND 12 (4) additional indirect costs associated with these cases, including cost of transportation (especially if referred from another facility), and time lost from work and school for emergency visits, procedures, and follow-up appointments.
Prevention
Fingertip injuries are expensive and stressful for patient families 13 and often result in pain, 1, 6 difficulty performing daily tasks, 1 and time lost at work or school. 6 In some cases, fingertip injuries impact the patient's body image, 6 and patients and their families also experience anxiety or psychological trauma. 1 In an era of focus on preventative care and conserving health care resources, we should consider increasing education and awareness. 11 There is a strong need for prevention strategies around the most common fingertip injuries-crushed fingers among preschool children. In the absence of regulations for door safety measures, we can draw from examples used to keep doors from closing (eg, a stopper in the door hinge or at the bottom of the door; a plastic guard to cover the exposed hinge) or to limit the impact of a door closing on fingers (eg, a piece of rubber fitted over the hinge to make it "pinch-free"). 7 Some of these strategies are already at work and have changed the pattern of injuries that are seen in the hand clinics. For example, some car doors have been changed to be lighter with electronic tracking rather than just a hinge, with slowing at closure and mechanical stops. Over time and as technologies advance, these types of innovations will hopefully decrease pediatric fingertip injuries. Last, parents need to be made aware of the causes of fingertip injuries at different ages, and educated on how to prevent them. 7 
Limitations
There are multiple limitations of this study, some of which have been outlined in the discussion already. Retrospective data are not as clean, and a prospective analysis of a large group of patients is likely to uncover many other nuances that cannot be construed from this study. There were incomplete data on some patients as noted in the results, and this may skew the results. In addition, financial data on charges that were submitted by the hospital are an underestimate of the charges incurred by these patients, as charges for consultations in the ED by specialists (ie, plastic or orthopedic surgeons) are not captured.
Conclusions
A large series of fingertip injuries in children is presented herein. The demographics and epidemiological data reflect and support previous, smaller studies. The distribution of injuries stratified by age group suggests that the most common preventable injuries are crush injuries in preschool children.
Given the significant cost and health burden of these injuries, it is worthwhile to consider prevention strategies and educational measures to prevent them from occurring.
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